Background: Urothelial carcinoma of the urinary bladder is the second most common malignancy of the genitourinary system, after prostate cancer. The flat lesions are classified into flat lesions without cytological atypia (Flat hyperplasia) and flat lesions with cytological atypia; reactive atypia, atypia of unknown significance, urothelial dysplasia and urothelial carcinoma in situ). The immunohistochemical markers such as cytokeratin 20,CD 44 and Ki 67 may be useful in differentiating CIS from reactive changes in difficult biopsy cases. Aim: This study was conducted to determine the role of cytokeratin 20, CD 44 and Ki 67 in the diagnosis of dysplasia and other flat lesions of the urinary bladder. Methods: Sixty representative cases for flat urothelial lesions of urinary bladder were examined immunohistochemically using antibodies against CD44, cytokeratin 20 and Ki-67. Results: CD 44 were positive in 100%of cases of reactive urothelial atypia, but flat Hyperplasia and CIS cases were negative. However CD 44 were positive in 42.9% of atypia of unknown significance and 14.3% of Dysplasia. CK 20 were positive in (95.5%) of Dysplasia. Non of Flat Hyperplasia were positive for CK 20. However CK 20 was positive in 88.2% of CIS, 57.1 % of atypia of unknown significance and 7.1% of reactive urothelial atypia. ki 67 index were high in 82.4% of cases of CIS, non of flat hyperplasia expressed high ki 67 index. However ki 67 index were high in 57.1% of atypia of unknown significance, 52.4% of dysplasia and 14.3% of reactive urothelial atypia.
INTRODUCTION
ladder cancer is a significant public health problem worldwide. It is the fourth most common cancer in men, accounting for 6.9% of all cancers, and tenth most common cancer in women, accounting for 2.6% of all cancers (1) . In Egypt, it constitutes 30.3% of all cancers (2) .
In 2004 World Health Organization classification, the flat-related preneoplastic lesions of the urinary bladder are classified as; urothelial hyperplasia ,reactive urothelial atypia, urothelial atypia of unknown significance(AUS(, urothelial dysplasia and urothelial carcinoma in situ(CIS) (3) . Reactive atypia denotes mild nuclear abnormalities occurring in acutely or chronically inflamed urothelium which may be normal or slightly thickened. Frequent mitoses may involve the lower layers of the urothelium.The significance of reactive atypia is to differentiate it from dysplasia, and CIS (4) .
Atypia of unknown significance describes lesions with nuclear abnormalities similar to those of reactive changes (fewer than those of dysplasia), but out of proportion to the degree of inflammation (5) .
Dysplasia showed architectural and Cytologic abnormalities falling short of the diagnostic threshold for carcinoma in situ. The cytologic features are restricted to intermediate and basal cells and less atypical than in carcinoma in situ. The thickness of dysplastic urothelium is usually normal, but it may be increased or decreased (6, 7) .
Urothelial dysplasia may be primary dysplasia (rare) or secondary (more frequent) which is associated with papillary urothelial neoplasms and has higher rate of progression to carcinoma than primary dysplasia (1) .
Carcinoma in situ (CIS) of the urinary bladder is defined by the replacement of part or all of the normal epithelium by cells that have microscopic and molecular features of carcinoma, yet are confined to the epithelium (8) .
CIS may occur as; (1) primary CIS occurring without associated previous urothelial tumor, (2) (3) secondary CIS, diagnosed during follow-up of a known bladder tumor, with or without a concomitant tumor (4, 9) .
CD44 is a transmembrane glycoprotein involved in cell-cell and cell-matrix interactions. In the normal urothelium, CD44 staining is limited to the basal region (10) . The urothelium in reactive atypia typically shows staining with CD44 in a diffuse membranous full-thickness pattern or with patchy basal and intermediate cell expression. This is in contrast to absence of CD44 staining in dysplasia and Carcinoma in situ. It is important to note that these staining patterns are not absolute and correlation with morphology is critical (11, 12) . Cytokeratin20 (CK20) is the most recently identified type I keratin protein showing a limited pattern of expression in normal tissues and its expression is maintained in malignant tissues (13) .
Normal urothelium typically exhibits CK20 staining in the umbrella cell layer, but reactive atypia lacks extensive staining for CK20 (10) . In AUS, there is CK20 expression in the deeper mucosal layers (14) . In Carcinoma in situ there is CK20 positivity throughout the neoplastic urothelium (12) .
Ki-67 is absent to positive in fewer than 10% of the basal and parabasal cells of normal urothelium, indicating a low proliferative rate (10) . Both Ki 67 and CK20 positivity throughout the neoplastic urothelium with negative CD44 favors a diagnosis of Carcinoma in situ (12) .
MATERIAL AND METHODS
This study included paraffin blocks of 150 cases of bladder lesions selected from urinary bladder biopsy specimens diagnosed at Pathology Department, Faculty of Medicine, Zagazig University, Egypt, during the period from September 2008 to September 2011. The clinical data of the patients were obtained from medical files. Then 60 represetative cases of flat epithelial lesions of the urinary bladder were selected for immunohistochemical study.
Histopathologic examination:
Consecutive 4 µm sections were prepared and stained with hematoxylin & eosin for histopathological examination. Pathological diagnosis was made according to 2004 WHO/1998 ISUP classification of urothelial neoplasms (7) . Immunohistochemical staining:
Immunohistochemical staining was carried out using streptoavidin-biotin immunoperoxidase technique (Dako-Cytomation, Glostrup, Denmark). 3-5 µm thick sections cut from formalin-fixed, paraffin-embedded blocks, were deparaffinized in xylene and rehydrated in graded alcohol. Sections were boiled in citrate buffer (pH 6.0) for 20 min and then washed in phosphate buffer saline (pH 7.3). Thereafter, blocking of endogenous peroxidase activity with 6% H2O2 in methanol was carried out. The slides were then incubated overnight with monoclonal antibodies; (CD 44 Std mouse monoclonal antibody Cat. from Thermo Scientific/Lab Vision Corporation, Fermont, USA, clone:156-3c11. 0.09% sodium azide. Dilution 1:100), (CK 20 mouse monoclonal antibody Cat from Thermo Scientific/Lab Vision Corporation, Fermont, USA, clone: Ks20.8. 0.09% sodium azide. Dilution 1:50), (Ki-67 Rabbit Polyclonal antibody Cat from Thermo Scientific/Lab Vision Corporation, Fermont, USA, 0.09% sodium azide. Dilution 1:300). Incubation with a secondary antibody and product visualization were performed (Dako Cytomation, Glostrup, Denmark) with diaminobenzidine substrate (Research Genetics, Huntsville, AL) as the chromogen. The slides were finally counterstained with Mayer's haematoxylin (BioGenex Laboratories, San Ramon, CA), and washed once each with distilled water and PBS. Tonsil specimens were used as a positive control for CD44 and ki67.F or ck20, colon carcinoma was used. Negative controls for CD44 and ki67 were obtained by substitution of primary antibodies with blocking buffer..For ck20 Negative controls were Immunoglobulin G (IgG). Evaluation of the results of immunohistochemical staining:
1-Evaluation of CD 44 and CK 20 immunostaining:
Standard CD44 is membranous in distribution. CK20 is a cytoplasmic stain .The degree of reactivity for each antibody was graded from 0 to 4 (0 _ negative; 1_ weak, patchy[<50% of the cells]; 2_ moderate, patchy [<50% of the cells]; 3_ moderate, diffuse [>50% of cells]; 4_ strong, diffuse [>50% of cells]). To designate overexpression for CD44 and CK 20 antibodies, we required >50% of the urothelium to be moderately to strongly positive (3-4 positivity) (15) .
2-Evaluation of ki 67 immunostaining:
Ki-67 was regarded as positive when nuclei stained dark brown or contained dark brown granules. Ki-67 index was determined as the percentage of immunostained cells per 200 cells by 5 fields of view in each section (16) . Immunoreactivity to Ki-67 was ''low'' if nuclear staining <15% and ''high'' if >15% (17) .
Statistical analysis
The results of the study were statistically analyzed using the SPSS software (SPSS, Chicago, IL, USA). Data were expressed as mean ±SD for quantitative variables, as numbers and percentages.
For categorical variables, the Student t-test was
Significance Of Flat Epithelial Lesions Of The ……… used. P-value less than 0.05 was considered significant.
RESULTS In the present study, 60 cases of flat epithelial lesions of the urinary bladder were selected and classified according to 2004 WHO/1998 ISUP classification of urothelial neoplasms (7) into flat Hyperplasia (1/60, 1.7%), reactive atypia (14/60, 23.3%), atypia of unknown significance (7/60, 11.7%), dysplasia (21/60, 35%) and carcinoma in situ (17/60, 28.3%).
The mean age of studied cases was 64 years and ranged between 45-77 years. There is a significant association between age >70 and the presence of dysplasia and CIS. The majority of the studied cases were males. This supports the concept that CIS maintains the same age and sex predilection as invasive bladder cancer. CD 44 were positive in 100%of cases of reactive urothelial atypia ( Fig.2 ), non of flat Hyperplasia and CIS cases were positive for CD 44 (Fig.8 ). However CD 44 were positive in 42.9% of atypia of unknown significance and 14.3% of Dysplasia. ki 67 index were high in 82.4% of cases of CIS( Fig. 11 ), non of Flat Hyperplasia express high ki 67 index. However ki 67 index were high in 57.1% of atypia of unknown significance, 52.4% of dysplasia and 14.3% of reactive urothelial atypia (Fig.6 ). 100% of Flat Hyperplasia expressed CD44-/CK20-immunoprofile. (CD44+/ CK20-) immunoprofile were expressed in 92.9 % of reactive urothelial atypia, 28.6 of atypia of unknown significance. However non of dysplasia or CIS cases expressed (CD44+/ CK20-) immunoprofile.
Table3: Immunohistochemical reactivity pattern of cytokeratin 20 in selected flat lesions of the urinary bladder
(CD 44-/ CK20+) immunoprofile were expressed in 88.2% of CIS, 76.2% of dysplasia and 42.9% of atypia of unknown significance, 28.6 of. However non of flat hyperplasia or reactive urothelial atypia expressed (CD 44-/ CK20+) Both CK 20 and ki 67 were negative in 100% of Flat Hyperplasia, non of CIS were negative for the two markers together. However both CK 20 and ki 67 were negative in 78.6% reactive urothelial atypia, 28.6% of atypia of unknown significance and 9.5% of dysplasia. 
DISCUSSION
Even after publication of the WHO/ ISUP classifications, the distinction between reactive and dysplastic changes has not been resolved, There are still no definite morphological criteria to diagnose CIS, and there is great inter-and intraobserver disagreement .So morphology alone is frequently insufficient to differentiate dysplasia/CIS from reactive urothelial atypia.
The distinction is critical because it has both therapeutic and prognostic implications. Several studies had reported the utility of CD44, CK 20 and KI-67 in the diagnosis of flat epithelial lesions of the urinary bladder (14,15,18,19,20) .
Significance Of Flat Epithelial Lesions Of The ………
In our present a statistically significant relationship was observed between age <50 and the presence of isolated flat lesions. There is also a significant association between age >70 and the presence of flat lesions(dysplasia/CIS) in association with carcinoma This goes with previous studies by Cheng et al. (21) , Demir et al. (22) , Fernando et al. (23) , Garbar et al. (24) and Takenaka et al. (9) . In the present study, the majority of the studied cases of flat lesions including CIS were males (88.3%). This agrees with Jemal et al. (25) who reported the majority of the studied CIS cases were males. However our cases were randomly selected, thereby an accurate significant value regarding age and sex cannot be given.
One case of flat hyperplasia was included in this study, it was negative for (CD 44 and CK 20) and expressed low ki 67 index (table 2,3,4). This immunohistochemical profile is similar to that of normal urothelium. Similar pattern is reported by Hodges et al. (1) . This finding supported that flat hyperplasia does not have a premalignant potential
The studied 14(100%) cases of reactive urothelial atypia were positive for CD 44. 9(64%) out of them showed full thickness membranous overexpression of CD 44 and 5(36%) out of them showed patchy positivity in the urothelium (table  2) . . This is in agreement with McKenney et al. (15) who found membranous full thickness over expression of CD44 in (60%) of their studied reactive urothelial atypia and patchy positivity in the basal and intermediate cells (similar to normal urothelium) in (40%) of them.
As regarding CK 20 in the studied 14 cases of reactive urothelial atypia, 13(92.9%) were negative for CK 20. There is one case that was positive for CK 2(table 3) but this is considered as non-specific because of benign morphology, positivity for CD44 and low ki 67 index. This result is close to the result of Kunju et al. (14) who had (96%) of RUA negative with CK20 beneath the superficial umbrella layer and had one case (4%) of morphological clear-cut RUA showing focal full thickness CK20 expression that interpreted by them as non-specific because it was patchy with benign morphology. They stated that abnormal CK20 staining may occur on rare occasions; therefore correlation with morphology is critical. They mentioned that CK20 expression in the superficial umbrella cells of fragmented epithelial fragments opposed to each other may give a false impression of a full-thickness staining pattern of UD . In a previous studies by McKenney et al. (15) and Mallofre et al. (19) found that CK20 staining only the umbrella cell layer in (100%) of their studied reactive urothelial atypia.
Concerning Ki 67 expression in the studied 14 cases of reactive urothelial atypia, low ki 67 index was observed in 12/14(85.7%) and high ki 67 index was observed in 2/14 (14.3%), these cases were associated with severe inflammation (table  4 ). The high ki 67 index in these cases were considered non-specific after correlation with benign morphology, and other immunostain (positive CD44 and negative CK 20) . This is in agreement with Kunju et al. (14) who found 28% of morphologically clear-cut RUA also had increased expression, especially when associated with severe inflammation. So caution must be exercised when interpreting this antibody in an inflamed urothelium.
Seven cases of atypia of unknown significance were found in this study, 3/7 (42.9%) were positive for CD44 and 4/7 (57.1%) were negative for CD44 (table 2) . As regarding CK 20 in the studied 7 cases of atypia of unknown significance, 4/7 (57.1%) were positive for CK 20 and 3/7 (42.9%) were negative for CK 20 (table 3) . Concerning Ki 67 expression in the studied 7 cases of atypia of unknown significance low Ki 67 index was observed in 3/7 (42.9%) and it was high in 4/7 (57.1%) (table 4) .
The three markers were evaluated together and correlated with the morphology to reach a diagnosis. Six cases were categorized as reactive versus dysplastic .A total of 4/7(57.1%) were rediagnosed as dysplasia. All the 4 cases (4/7) were positive for CK 20, of which 2 cases (2/4) also demonstrated high ki 67 index and were negative for CD44; these two cases were favored to be categorized as dysplasia. In one case (1/4) ki 67 index was high but it was positive for CD44, the abnormal expression of both CK 20 and ki 67 made the diagnosis of dysplasia more likely. In other case(1/4) ki 67 index was low, however CD44 was negative, this case was also thought to be dysplasia because of the abnormal expression of both CK 20 and CD44 and correlation with the morphology. Our result goes with Kunju et al. (14) who mentioned that the greatest value of a panel of immunostains would be the ability to resolve cases of AUS and realized that AUS is not a disease or a diagnostic entity but merely a descriptive term used in diagnostically difficult cases. On the other hand, Mallofre et al. (19) found 75% of atypia of unknown significance suggested to be dysplastic. They based their suggestion on strong positivity in scattered suspected dysplastic cells through the epithelium to at least one marker.
As regarding CD 44 immunohistochemical reactivity in dysplasia and CIS, in 21 cases of dysplasia CD 44 produced mixed result. While 18/21 (85.7%) were negative, 3/21 (14.3%) were positive for CD 44 (table 2) . . In all three cases abnormal CK 20 expression were observed. In Two cases(2/3) with abnormal CK 20 expression high ki 67 index were noted .only one of them (1/3) showed low ki 67 index. However in CIS CD 44 were negative in 17(100%) cases .Such negativity ranged from complete absence of CD44 reactivity in 11( 64.7%) out of them to residual CD44 membranous reactivity in the basal cell layer in 6(35.3%). This result is closely related to that of McKenney et al. (2001) who found, a lack of CD44 reactivity in the neoplastic cells of all cases of CIS but in 44% of them, an underlying residual basal cell layer was present which showed CD44 membranous reactivity.
Concerning CK 20 immunohistochemical reactivity in dysplasia and CIS, in dysplasia, 19/21 (90.5%) were positive for CK 20 and 2/21 (9.5%) were negative for CK 20 (table 3) .. Unfortunately, such two cases also expressed low ki 67 index but they were negative for CD 44. In the studied 17 cases of CIS, 15/17 (88.2%) were positive for CK 20 and 2/17 (11.8%) were negative for CK 20 (table 3) . Fortunately, such two cases expressed high ki 67 index and were negative for CD 44. This agrees with McKenney et al. (15) who showed over expression of CK20 (cytoplasmic) in the majority (>50%) of neoplastic cells in 81% of CIS.
Our result reflected similar findings by Kunju et al. (14) who demonstrated abnormal CK20 expression in 86% (43/50) of UD/ CIS group and negative CK20 in 14%. All seven cases of CIS that were negative with CK20, had unequivocal overexpression of Ki-67 (>50% expression of Ki-67). They believed that although CK20 appears to be a fairly specific marker of urothelial dysplasia, a small subset of morphologically clear-cut CIS can be negative with this antibody. Increased Ki-67 expression in CIS cases negative with CK20 can usually resolve this problem. In their study, all CIS cases negative with CK20 showed unequivocal over expression with Ki-67. These results are nearly similar to that of Mallofre et al. (19) who found that 72 % (36/50) out of the CIS cases were positive for CK20. Through the full thickness of the urothelium. 86% of them (31/36) showing a strong full-thickness positivity of >50% of atypical cells.
As regarding ki 67 expression in dysplasia and CIS, in dysplasia high Ki 67 index was observed in 11/21 (52.4%) while low Ki 67 index was observed Ki 67 in 10(47.6%) (table4). Among Such 10 cases with low Ki 67 index, CK 20 were positive in 8 (8/10) out of them but it were negative in 2( 2/10) out of them . Fortunately, such two cases were negative for CD 44. In CIS high Ki 67 index was observed in 14/17(82.4%) while low Ki 67 index was observed in 3/17 (17.6%) (table  4) .. Positive CK 20 and negative CD 44 solved the problem in these three cases. This result is near to the result of Mallofre et al. (19) .
In our study, there is a statistically significant difference between the reactive urothelium and dysplastic urothelium (dysplasia and CIS) as regarding their immunohistochemical reactivity for CD 44, CK 20 and Ki 67 submitted in the study . This is in agreement with McKenney et al. (15) who demonstrated utility of CD-44 in reactive urothelium and Mallofre et al. (19) and Kunju et al. (14) who found CK20 and Ki-67 to be useful markers of UD/CIS.
Conclusion: According to our results, CD 44 is the most constant marker in the reactive urothelium. CK20 is the most commonly detected marker in the dysplastic urothelium. Nevertheless, the most accurate is application of an immunohistochemical panel composed of the three antibodies (standard CD 44, CK20 and Ki-67) together with correlation with morphology. This is very useful for confirming the presence of dysplastic changes in the urothelium and differentiating reactive urothelium from dysplastic urothelium (dysplasia/CIS).
